The aim of this review is to identify current chemotherapy treatment for tumours of the oesophagus, stomach, pancreas, and liver. The role of both neoadjuvant, adjuvant, and palliative chemotherapy regimens will be discussed. This review will be of interest to oncologists in clarifying current issues regarding chemotherapy, and to physicians in other medical specialties, to increase their general understanding of benefits and drawbacks of chemotherapy in this patient group.
Cancers of the oesophagus, stomach, and pancreas constitute a major cause of cancer death world wide. Despite improvements in both surgical techniques and chemotherapy regimens these tumours remain a great therapeutic challenge and most patients still die of their disease, even after apparent "curative resection". There is a clear need for more eVective treatments, particularly for the majority of patients who present with advanced disease. For these patients, quality of life is of great importance and, in the appropriate setting, chemotherapy can provide eVective palliation of symptoms. In this article we will examine the role of chemotherapy both as an adjunct to surgery and radiotherapy, and also as a palliative treatment option.
All upper gastrointestinal tumours are staged using the TNM classification. 1 This system describes the extent of a tumour in three components: T = the characteristics of the primary tumour, N = the involvement of regional lymph nodes, and M = the presence of distant metastases. Although surgeons frequently use this method of staging, it is often unhelpful in clinical practice, as it is diYcult to apply and does not always correlate with prognosis.
Chemotherapy can be used in three settings: presurgery (neoadjuvant), in the postoperative period (adjuvant), or for advanced disease. The rationale for using preoperative chemotherapy is to downstage the tumour to facilitate surgical resection, improving local control and eradicating micrometastases. The adjuvant use of chemotherapy aims to eradicate any remaining micrometastatic disease after a potentially curative resection. This is based on the observation that disease frequently recurs after surgical resection even when the resection margins are pathologically clear. For metastatic disease, chemotherapy can be useful for symptomatic control and may prolong survival, although side eVects should always be considered.
To allow comparisons of the eVectiveness of diVerent chemotherapy regimens, fairly strict definitions of response rates have been devised. For an objective response to be achieved there must be 50% reduction in the volume of measurable disease. Although reductions of less than this can produce symptomatic benefit, they are defined as stable disease. One of the best methods of predicting which patients will benefit from chemotherapy is their ability to undertake normal daily activities and several scoring systems (World Health Organisation, Karnofsky, Eastern Cooperative Oncology Group, ECOG) which reflect the performance status are frequently used for this purpose.
Oesophageal cancer

SURGERY AND ADJUVANT RADIOTHERAPY
Oesophageal cancer is one of the 10 most common cancers world wide. Prognosis is dismal with five year survival rates of less than 10%.
Even though surgical resection oVers the chance of cure, the five year survival for patients who have undergone "curative" resections is only 20%. Improvements in surgical techniques and perioperative management have had no real impact on overall survival.
Radiotherapy has traditionally been one of the standard treatment modalities for oesophageal tumours. There have been three randomised studies using adjuvant (postoperative) radiotherapy after surgery. None have shown a significant benefit. Four randomised studies have addressed the role of preoperative radiotherapy. These indicated a trend for improved local recurrence rates with radiotherapy, although the complication rate was high with no overall improvement in survival. 2 
NEOADJUVANT CHEMOTHERAPY
The survival of patients with clinically localised disease remains poor suggesting that most patients have occult disseminated disease at diagnosis. Chemotherapy in oesophageal cancer therefore has potential value, but its eYcacy is limited in that only approximately 50% of tumours are truly chemosensitive. There have been a number of non-randomised studies using preoperative chemotherapy. All the regimens were cisplatin based, most in combination with 5-fluorouracil (5-FU). Response rates of 14%-64% were seen with complete resections performed in 47%-80% of cases. Median survival figures were 8-23 months. There have only been four randomised prospective studies using preoperative chemotherapy and all are open to criticism of size and design. None showed significant benefit in the chemotherapy arms and there was a notable increase in toxicity and perioperative mortality rates. Therefore neoadjuvant chemotherapy can only be recommended in the context of clinical trials. There are several ongoing trials comparing chemotherapy with surgery alone and results should be available in the next 2-3 years.
CHEMORADIOTHERAPY
Treatment of carcinoma of the oesophagus with combinations of chemotherapy and radiotherapy began about 20 years ago. It was hoped that the radiotherapy would control locoregional disease and chemotherapy the systemic disease. It was also anticipated that chemotherapy could sensitise these relatively resistant tumours to radiotherapy. This combined approach has been useful in treating other solid tumours such as anal cancer. Eight non-randomised and four randomised studies have examined this combination. In the early studies, results were encouraging with median survival rates of 12-20 months and two year survival rates of 35%-40%. When treatment was followed by oesophagectomy, higher complete resection rates were seen compared with the use of radiotherapy alone preoperatively.
In the randomised study by Roussel et al, 3 patients were treated with radiotherapy or chemoradiotherapy. In the combined arm of this trial single agent methotrexate was the chemotherapy used. No significant diVerence in the two treatment groups was seen. In a phase III Radiation Therapy Oncology Group (RTOG) prospective study, 129 patients with squamous carcinoma of the oesophagus were randomised to either 5-FU and cisplatin with radiotherapy or radiotherapy alone. 4 After two years the study had to be closed prematurely as there was a statistically significant improvement in the combined treatment arm. None of these studies addressed the question whether combined chemoradiotherapy is better than surgery alone. To date only one group has found a significant survival benefit for preoperative chemoradiotherapy over surgery alone in a prospective randomised study. 5 This study must be interpreted with caution as the three year survival rate in the surgical arm was only 6%, which is lower than expected. Three other randomised studies have not demonstrated any advantage.
Despite some encouraging results in response rates for patients treated with a combined modality approach, most of the failures were due to local relapse. Studies have therefore been established to examine whether neoadjuvant chemoradiotherapy followed by surgical resection would improve survival rates and symptomatic control. There has been only one randomised trial of chemoradiotherapy followed by surgery versus radiotherapy alone preoperatively. 6 Bleomycin was chosen as the chemotherapy and the outcome in both arms of the study was equally poor. There have been five non-randomised studies and all have shown a definite trend to improved survival with better local control for the chemoradiotherapy arms. In the study of Forastiere et al, 36 of 41 patients actually underwent resection and of these only five relapsed locally. 7 These results are encouraging and have provided the basis for an ongoing randomised prospective study. While this approach remains interesting it should be appreciated that there can be significant perioperative mortality. In the largest of these studies by the South West Oncology Group/RTOG the operative mortality was 11%. 8 
CHEMOTHERAPY IN ADVANCED DISEASE
Unfortunately most patients with carcinoma of the oesophagus present with either locally advanced or metastatic disease. The main aim of treatment in this group is for symptom control. This can be achieved by stenting or endoscopic laser ablation. 9 Both radiotherapy and chemotherapy can also have a role in the palliation of these patients. Response rates of single agent chemotherapy are 15%-30% and can rise to 30%-40% when a cisplatin based combination is used. Chemotherapy does not appear to confer a survival advantage. There is no evidence that adenocarcinomas respond better than squamous cell tumours. Currently cisplatin and 5-FU should be considered the standard first line agents. Newer cytotoxics such as the taxanes are currently being investigated in phase II studies and paclitaxel appears to have a response rate of 32% which is promising. treatments in clinical trials and examine the role of newer agents. In addition, quality of life data should be collected on all patients in clinical trials as symptom control is a major aim of treatment for the majority of patients (fig 1) .
Gastric cancer
Gastric cancer is the second most common cancer in the world and the fourth commonest in Europe. Although the incidence of cancer arising from the distal half of the stomach is declining, the incidence of tumours of the gastro-oesophageal junction, particularly in young patients, is increasing. Although surgical resection is the only "curative" treatment option, the five year survival in those patients who have apparently localised disease is only 10%-15%. In Japan, where there is an intense screening programme, tumours are detected at stage 0 (mucosal disease only), but unfortunately most patients in other countries present with advanced disease (only approximately 20% being operable).
ADJUVANT TREATMENT After radical surgery, even patients without lymph node metastases have 50% chance of dying within five years and this rises to 90% with lymph node involvement. As a result, systemic adjuvant therapy has frequently been combined with surgery. Numerous studies have reported the use of combination treatments in this setting but most have been relatively small. In one of the largest studies, 315 patients who underwent a "curative" resection were randomised to either combination chemotherapy with FAM (5-FU, Adriamycin, and mitomycin) or no chemotherapy. 11 No significant diVerence in survival was seen. Moreover, in a meta-analysis of 14 randomised trials of adjuvant therapy after "curative" resection there was no survival diVerence. 12 The criticism of this analysis is that some of the treatments would be suboptimal by today's standards. Nevertheless, there is no evidence based role for the use of adjuvant therapy for gastric cancer outside the setting of a clinical trial.
Very few studies have evaluated adjuvant radiotherapy alone after surgery. Most have used radiotherapy in combination with 5-FU. The British Stomach Cancer Group study randomised 436 patients with gastric adenocarcinoma to postoperative radiotherapy, postoperative FAM chemotherapy, or to surgery alone. 13 There was no significant diVerence in five year survival rates between the three arms. The local recurrence rate in the radiation arm did appear to be lower. There have been eight subsequent trials, of which three were randomised, using combined chemoradiotherapy after surgery. No clear survival benefit has been seen.
It is well documented that intra-abdominal recurrence is the most common cause of treatment failure. Therefore, in an attempt to reduce this risk, trials have been completed giving intraperitoneal chemotherapy postoperatively. To date this treatment modality appears to produce increased perioperative complication rates with no survival benefit. 14 
NEOADJUVANT CHEMOTHERAPY
Since a high proportion of gastric cancers are clearly inoperable at presentation, neoadjuvant chemotherapy has been used in an attempt to downstage the tumour to improve operability. To date there have been eight studies, of which two were randomised, using combination chemotherapy before surgery. The interpretation of these trials is limited since diVerent staging methods were used to initially assess the extent of the tumour. 15 16 Using this treatment modality there did not appear to be any increase in the morbidity, downstaging of tumours appeared to occur in about 50%, and there was a possible improvement in survival. In view of this trend, further randomised neoadjuvant studies in gastric cancer are now ongoing and an important one will be discussed later in this review.
CHEMOTHERAPY IN ADVANCED DISEASE
Since the 1970s a number of chemotherapy agents including 5-FU, doxorubicin, mitomycin C, cisplatin, and etoposide have used in gastric cancer. 17 An overall single agent objective response rate of 21% has been reported. Numerous attempts have been made to develop more eVective combination regimens. Most of these are based on 5-FU and cisplatin combinations with average response rates of 35%-50% seen in phase II studies. The FAM regimen has been widely used and is associated with a median duration of remission of 5-10 months. In an attempt to modulate the eYcacy of 5-FU, methotrexate was substituted in this 
(EORTC) performed a multicentre randomised prospective study comparing FAM and FAMTX in just over 200 patients. 18 The response rate of 41% for FAMTX was significantly better than the 9% for FAM. Survival in the FAMTX group was also greater. Two further randomised studies have confirmed the superiority of FAMTX and it has therefore been used as the control arm in other studies.
The in vitro synergy of 5-FU and cisplatin has led to trials using the two drugs in combination with anthracyclines such as doxorubicin and epirubicin. One such combination is ECF in which epirubicin and cisplatin are given in boluses with infusional 5-FU. This method of 5-FU administration requires the drug to be given as a protracted infusion via a central venous catheter. In a prospective study, 274 patients were randomised to receive this regimen or FAMTX. 19 The overall response rate of ECF was 45% compared with 21% in the FAMTX arm. The median survival duration was 8.9 months in the ECF arm compared with 5.7 months in the control arm which was also statistically significant. The major drawback of this combination is the potential complication associated with the insertion of central venous catheters. It is possible to give this combination using a short rather than continuous infusion of 5-FU. 20 While the objective response rate with this schedule was lower (23%), symptomatic response was good and the toxicity manageable. Therefore, in patients not suitable for intensive chemotherapy, noninfusional ECF may produce valuable symptom control.
There are limited data available investigating the role of combination chemotherapy for palliation in advanced gastric cancer. There have been four small studies comparing combination chemotherapy versus best supportive care. The chemotherapy appeared to be well tolerated with good symptomatic benefit. The average median response duration was nine months with survival rates for the chemotherapy arms of 40% at one year and 10% at two years. Almost all the supportive care patients had died within one year. 17 Clearly there is a need to develop new treatment strategies to improve the outlook of patients with gastric cancer. This will need to include phase II studies of new agents. The area of neoadjuvant chemotherapy continues to look interesting with novel studies underway. One of these is the MRC Adjuvant Gastric Infusional Chemotherapy (MAGIC) Trial. This has been developed in view of the encouraging response rates seen using infusional 5-FU in advanced gastric cancer. Patients with operable gastric cancer are being randomised to a trial of preoperative and postoperative infusional chemotherapy compared with surgery alone. Trials like these will hopefully improve survival rates in this tumour type (fig 2) .
Pancreatic cancer
Pancreatic cancer carries a dismal prognosis with overall five year survival rates of 1%-5%. Pancreaticoduodenectomy (Whipple's procedure) is performed in patients who have apparently localised disease but unfortunately even in this group the long term survival rate is only approximately 20% with a median survival of 15-19 months. Unlike gastric and oesophageal tumours where there is a definite role for palliative surgical procedures, this is a more contentious issue in pancreatic cancer. Studies have compared surgical bypass procedures and endoscopic insertion of stents to relieve jaundice and improve quality of life in patients with unresectable tumours. Stenting is associated with lower initial morbidity and mortality, although readmission and stent replacement may be necessary for annular obstruction. Given the short median survival for such patients (4-10 months), it would seem appropriate to oVer stenting as the procedure of choice since laparotomy is associated with a median hospital stay of two weeks.
ADJUVANT TREATMENT Pancreatic tumours are inherently chemoresistant. For patients who have undergone surgical resection, local recurrences occur in up to 85%. Several studies have examined the role of adjuvant chemotherapy with and without radiotherapy in patients undergoing surgical resection. Most of these have been small and non-randomised. An important study from the Johns Hopkins University involved 174 patients treated with surgery alone or with the addition of radiotherapy plus chemotherapy or chemotherapy alone. 21 While the trial was not randomised, patients were well matched in each group. The use of adjuvant chemoradiotherapy was associated with a significantly longer survival (19.5 months compared with 13.5 months for the surgery alone arm). This approach is now being studied in an EORTC randomised study comparing surgery with or without adjuvant 5-FU based chemoradiotherapy. This pivotal study is Palliative care ± chemotherapy recruiting well with over 500 patients randomised.
CHEMOTHERAPY IN ADVANCED DISEASE
In 1969 Moertel et al, published the first study using 5-FU in combination with radiotherapy for the treatment of locally advanced pancreatic cancer. 22 The Gastrointestinal Tumour Study Group confirmed the findings of Moertal et al, that median survival was improved from six to 10 months with the use of chemoradiation rather than radiation alone. 23 An ECOG study failed to demonstrate this advantage and found that the toxicity of treatment was substantial. 24 It has been diYcult to compare many of the treatments for metastatic pancreatic tumours as response rates have been very variable, mainly due to diYculty imaging the pancreas and providing bidimensional measurements. Two British randomised studies of chemotherapy versus best supportive care have shown a survival advantage for the chemotherapy arm with no deterioration in quality of life for patients with inoperable pancreatic cancer. 25 26 5-FU chemotherapy continues to be the mainstay of treatment 30 years after it was first used with response rates varying from 15%-28%. There has been a suggestion that high dose 5-FU in combination with high dose cisplatin (100 mg/m 2 ) may be more eVective. 27 However in a randomised trial, although there was a trend to improvement in overall survival, the toxicity associated with the combination arm was substantial at 48% compared with 20% for 5-FU alone. 28 Since it was first reported that pancreatic tumours contain hormone receptors, there has been interest in treating patients with tamoxifen, cyproterone acetate, octreotide, and flutamide. In a placebo controlled randomised study tamoxifen failed to confer any significant survival benefit. 29 With flutamide there has been one reported randomised study suggesting potential benefit. Unfortunately the study design was flawed and there is no evidence available to support the use of this drug. 30 With the albeit limited activity of 5-FU in pancreatic tumours there has been interest in the potent thymidylate synthase inhibitor raltitrexed. In 42 patients with advanced pancreatic cancer, disappointingly only two partial responses were seen. 31 Initial work with the taxane, docetaxel, was encouraging with a response rate of 29%. Unfortunately a confirmatory phase II study at the Memorial Sloan Kettering Cancer Centre demonstrated only a 17% response rate. 32 The nucleoside analogue, gemcitabine, has generated the greatest recent interest in the treatment of pancreatic cancer. This has stemmed from a phase II study where, although the objective response rate was 11%, a substantial number of patients had stable disease and/or improvement in quality of life. 33 These observations led to two subsequent studies using gemcitabine in patients with advanced pancreatic cancer. In the first, chemonaive patients were randomised to either gemcitabine or 5-FU. 34 In the second study, patients who had failed 5-FU chemotherapy were treated with gemcitabine second line. 35 In these studies the endpoint was "clinical benefit response" (CBR) which took into account reduction in pain intensity, reduction in daily analgesic requirement, and improvement in Karnofsky performance status. This is not a traditional study endpoint and as such has generated criticism. One could however argue that in these patients the emphasis on quality of life should be paramount and therefore this is a valid observation. In the first study there was a statistically significant advantage of gemcitabine over 5-FU in terms of survival and CBR. In the 5-FU refractory patients there also appeared to be improvement, with 27% achieving CBR. These studies have been the basis for the trials currently underway using gemcitabine in combination with other drugs such as the matrix metalloproteinase inhibitor, marimastat.
For patients with metastatic pancreatic cancer who have a good performance status at presentation, treatment with systemic chemotherapy is appropriate. In view of the limited impact of many of the available drugs, continued patient enrollment into clinical trials is essential if we are to develop new treatment options. For those patients who have poor performance status, the emphasis is very much on symptom control and early involvement with a advocated (fig 3) .
Hepatocellular carcinoma
Although hepatocellular carcinoma is uncommon in Europe, it constitutes an important cause of malignancy world wide. For patients with stage I/II disease (solitary tumour) who undergo resection, the three year survival rate is 75%. This figure is reduced to 10%-20% with stage IVA disease (multiple tumours including lymph node involvement). Even if liver transplantation is performed in patients with advanced disease the results do not seem to be improved with only 15% three year survival rates. The role of adjuvant or neoadjuvant chemotherapy has not yet been defined by randomised studies and should only be considered in the context of a trial.
CHEMOTHERAPY IN ADVANCED DISEASE
In patients who are deemed inoperable, treatment is aimed at symptom control, particularly for pain since these tumours can be large and cause a great deal of hepatic capsular distension. Endoscopically placed stents are used very eVectively to decompress the biliary tree and resolve jaundice. There have been many non-randomised and randomised studies using systemic chemotherapy given as single agent and in combination. 36 Doxorubicin is the most widely used drug with a 25% response rate. Several other agents appear to have similar activity. Treatment with these drugs has no eVect on survival.
Unlike the poor results with systemic chemotherapy, reports of the use of regional chemotherapy are more promising. Most of these studies have originated from Asia where the incidence of hepatocellular carcinoma is high. Many of the studies using regional intrahepatic arterial chemotherapy also use an embolising agent such as starch or arterial ligation. The response rates for regional treatment with cisplatin are approximately 55% which increase to 68% when embolisation is added. There are considerable associated side eVects which include fever, abdominal pain, and anorexia. More than 20% of patients experience increased ascites and cholecystitis. Survival rates are 20%-24% at two years. Careful consideration must therefore be given to which patients are suitable for this toxic treatment. For practical purposes, the emphasis remains palliation of symptoms in this patient group and wherever possible chemotherapy should be restricted to use in a clinical trial.
Conclusion
The aim of this review has been to identify the chemotherapy that is standard treatment for upper gastrointestinal tumours and where future developments are likely to be. In oesophageal tumours both preoperative and postoperative chemoradiotherapy show potential and need to be studied further. Chemotherapy in advanced disease can oVer palliation in approximately 30% of patients. For gastric carcinoma, neoadjuvant chemotherapy is promising. 30%-50% of patients with advanced disease will gain palliation, with cisplatin based combination chemotherapy regimens being the most eVective. In early stage pancreatic cancer, chemoradiotherapy with or without surgery oVers the most hope. Gemcitabine is currently the most eVective drug and appears to oVer benefit in terms of symptom control and survival in advanced disease. In hepatocellular tumours, regional chemotherapy should be considered. Clearly many questions remain and patients therefore need to be referred to specialist centres so that trials can be completed. It is to be hoped that some of the many novel approaches to treatment including signal transduction modifiers, angiogenesis inhibitors, liposome encapsulation, and antibody directed therapy will result in improvements in disease outcome in the near future.
